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Abstract. Breakage of wheat grain during first break roller milling depends on the characteristics 
of the wheat (including the distributions of kernel size, hardness and moisture content) and on the 
design and operation of the roller mill (including roll speeds and differential, roll disposition, fluting 
profile, number of flutes, fluting spiral, roll gap, the degree of roll wear and the feed rate). The effects 
of these factors are manifest in the particle size distribution exiting first break, the compositional 
distribution of those particles (as large particles tend to be richer in bran, while small particles are pure 
endosperm), the power required to mill the wheat and the rate of roll wear. For this research, was used 
a new designed micromill which can perform in the grinding process of the wheat and of the middling 
too, in the same conditions as in the milling industry. The micromill is used to determine the grinding 
resistance of the cereals.The method has the same accuracy as the classical one and it has the 
advantage to be quicker and less demanding as work volume. The assessment of the grinding 
resistance in the wheat breaking process is related to the settings of the milling equipment which can 
lead to a diminuate total energy consumption, in the milling process.  
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INTRODUCTION 
 
 Scanlon and Dexter (1986) present one of the few studies on reduction roller milling 
of flour stocks. They examined the effects of roll speed, differential and feed rate on size 
reduction, energy requirements, starch damage and the degree of bran contamination in the 
final flour as indicated by ash levels and colour. Increasing roll velocity or differential, or 
decreasing feed rate, gave greater breakage and greater energy consumption. Increasing roll 
differential also gave greater starch damage due to the greater shear exerted on the starch 
granules within endosperm particles.  
In the grinding process is used 60-75 % from the total specific energy consumption of the 
industrial milling of the wheat. During wheat flour production only about 1% of grinding energy 
is transformed into receiving a new surface (Mohsenin N.N., 1986). The main cause of such 
large energy loss are plastic and elastic strains (Fang and Campbell, 2002a, 2002b). It is also 
essential to fully characterize the milling fractions produced when assessing the grindability 
of wheat in a roller mill. The most common particle size analyses involve sieving  analysis 
(Hareland, 1994). The grinding energy and how it relates to size reduction has been a subject 
of considerable interest to researchers. Pujol et al. (2000) described a micromill designed to 
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measure accurately the mechanical energy consumption during milling of small quantities of 
wheat. Specific milling energy under the conditions of their study ranged from 13.2 kJ/kg for 
soft wheat to 19.6 kJ/kg for a hard wheat, and correlated well with NIR hardness.  
This paper work underlines the importance of including the energy consumption in 
models of wheat breakage during roller milling and relating this to the particle size 
distribution produced. 
MATERIALS AND METHODS 
 
 The investigations were carried out on Romanian winter wheat varieties (Triticum  
aestivum, ssp. vulgare) Dropia and Pegasus, harvested in 2009. The preparation of the 
samples colected carried out according to the chess- board pattern method, after cleaning with 
an Sadkiewicz Instruments Scourer. The physico-chemical characteristics of the wheat were 
evaluated as follows: the moisture content using the SR ISO 712 : 2005; the wet gluten 
content and hardness using the NIR technique (Inframatic, model 8600, Perten Instruments 
AB); test weight using the SR ISO 7971-2 : 1995; thousand kernel weight using STAS 6123/1 
: 1963;  vitreous kernel using the STAS 6283-2/1984. 
 The quality indices of the studied wheat varieties are depicted in Table 1. 
                                    
                                    Tab. 1  
Quality indices of the wheat varieties 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Before milling, 30 grams of each dry wheat sample was tempered overnight to reach 
15,5 % (optimum) moisture content, wet basis; this toughens the bran and germ and softens 
the endosperm, making the separation of endosperm from germ and bran easier. Then, the 
moist wheat was allowed to temper for different rest time period depending on variety. For 
the same rest time were prepared two paralel samples. 
For this research, was used a new designed micromill (Figure 1) which can perform in 
the grinding process of the wheat and of the middling too, for the appreciation of the grain 
resistance (specific surface energy consumption) in the milling process, in the same 
conditions as in the milling industry. The adjustment of the roller characteristics can be done 
for each type of milling product (grain, semolina, bran). The grains are in the same time under 
                        Variety 
Indicator 
Dropia Pegasus 
Hectolitric weight [kg/hl] 71,2 77,2 
Vitreousness [%] 31 79 
Wet gluten content [%] 23,2 26,4 
Moisture content [%] 13,3 13,2 
Falling number [s] 202 277 
Protein content [%] 12,7 13,2 
The number of the grains in 
100 g 
2299 2132 
Thousand kernel weight [g] 43,497 46,893 
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the compression and the shearing efforts. The energy consumption is represented by one 
single value for one pair of rollers. This single value is significant for the comparative 
appreciation regarding the energy consumption in the milling proces, for different wheat 
cultivars or different batches, but also for different characteristics of the  rollers: the size of 
the gap, roll disposition, the corrugations number/cm, the differential speed ratio, profile and 
inclination.  The appreciation of the energy consumption (kJ/kg) is made by measurements 
of the resistant moment of the kernel, between the rollers, in the breaking process. The 
micromill is equipped with corrugated break rollers measuring 50 mm in length and 90 mm in 
diameter, using with a fast roll speed of 500 rpm, with a sharp-to-sharp and then dull-to-dull 
roll disposition and differential speed (1:2,5). To ensure the proper balance and the efficiency 
of the breaking operation, samples were sieved for 5 min on a test sifter from Retsch Gmbh, 
using six assortment of wire mesh sieves of 1,25 mm, 630 µm, 400 µm, 315 µm, 250 µm and 
160 µm, along with a bottom pan. 
The experimental first–break roller micromill equipped with a computerized data 
acquisition system is connected to a tensometric cell to measure the resistant moment of the 
particles grounded between the rollers. 
The measurements of the resistant moment of the kernel, between the rollers, in the 
first breaking step lead to the appreciation of the energy consumption (kJ/kg). Also, the 
grinding resistance of the wheat grain can be evaluated by the appreciation of the surface of 
the grounded particles. 
 
 
 
 
Fig. 1. The micromill components 
 
The grinding work of the first breaking rolls is checked by sifting the ground stock on 
the Retsch test sifter. 
One of the main characteristics of the grinding process is the grinding degree, defined 
by the relationship (1), between the new created surface (Sf ) and the initially surface of the 
wheat grain (Si). 
iS
iSfS
iS
∆Si
−
==   (1) 
The surface of the particles depends on the following: 
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1)  the average particle size of the material sample  
2)  the percentage fraction (material collected from each sieve) in the sample;. 
3)  the material density of the particles γ  (g/cm3). 
Was calculated the specific area (S) of material particles at the entrance and exit of the 
grind zone, with the relationship (2), knowing the material density of the particles γ  (g/cm3), 
the average size of this particles d (cm) and the weight (G) of each fraction from the sifting 
process. 
S=
γd
G16    ( cm2 )    ( 2 ) 
Knowing the particle surface of each fraction (Sk) , can be calculated the total surface 
of the sample (Sc):  
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RESULTS AND DISCUSSION 
 
After the first breaking step in the wheat grinding, were obtained the curves (Fig. 2, 3, 
4, 5) representing the resistant moment of the wheat kernel in the breaking process. The 
energy consumption is represented by the surface aria, below the resistant moment curves. 
For both Dropia  and Pegasus wheat varieties, the lowest energy consumption is achieved 
with mill adjustment regarding the dull-to-dull (D/D) disposition, rather then sharp-to-sharp 
(S/S) disposition.  
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Fig. 2. The resistant moment (specific surface energy consumption) 
for Dropia variety with 0,6 mm roll gap and D/D or S/S roll disposition. 
 
 239 
Dropia,0,8mm
0
1
2
3
4
5
6
7
8
1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33
5 pulses/sec
R
es
is
ta
n
t m
o
m
en
t, 
N
m
Dropia,15,5%
S/S
Dropia,15,5%
D/D
 
 
Fig. 3. The resistant moment (specific surface energy consumption) 
for Dropia variety with 0,8 mm roll gap and D/D or S/S roll disposition. 
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Fig. 4. The resistant moment (specific surface energy consumption) 
for Pegasus variety with 0,6 mm roll gap and D/D or S/S roll disposition. 
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Fig.5. The resistant moment (specific surface energy consumption) 
for Pegasus variety with 0,8 mm roll gap and D/D or S/S roll disposition. 
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Also important for the size reduction is the grinding degree. The highest value of the 
grinding degree on the first breaking step is obtained for the S/S roll disposition (Fig. 6,7,8,9). 
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Fig. 6. The grinding degree (i) for Dropia variety,  
with 0,6 mm roll gap and D/D or S/S roll disposition. 
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Fig. 7. The grinding degree (i) for Dropia variety,  
with 0,8 mm roll gap and D/D or S/S roll disposition. 
 
 
 
Fig. 8. The grinding degree (i) for Pegasus variety,  
with 0,6 mm roll gap and D/D or S/S roll disposition. 
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Fig. 9. The grinding degree (i) for Pegasus variety,  
with 0,8 mm roll gap and D/D or S/S roll disposition. 
 
The break efficiency is represented by the Table 2. The grinding efficiency is related to the 
first break intermediate fractions quantity. The aim of the first breaking step is to obtaine a 
large amount of middlings. The highest yield is obtained for the sharp-to-sharp (S/S) disposition and 
0,6 mm size of the roll gap. 
 
                                                      Tab. 2  
Breaking efficiency obtained with Retsch test sifter 
 
Yield ,%   
No.  Samples 
  
1250 
µm 
630 
µm 
400 
µm 
315 
µm 
250 
Μm 
160 
µm 
160 
µm 
1 Dropia, 0,6 mm,D/D 40,71 26,82 11,26 5,04 3,48 4,66 7,99 
2 Dropia, 0,6 mm S/S 46,10 21,46 10,35 4,89 3,58 4,79 8,73 
3 Pegasus,0,6 mm, D/D 39,41 34,41 9,74 3,69 4,39 3,19 5,14 
4 Pegasus,0,6 mm,S/S 44,67 29,89 9,54 3,40 2,89 3,65 5,93 
5 Dropia,0,8 mm, D/D 53,35 22,13 8,58 4,05 2,86 3,77 5,23 
6 Dropia,  0,8 mm,S/S 63,5 12,25 7,45 4,6 2,54 3,6 6,02 
7 Pegasus, 0,8 mm,S/S 61,73 21,13 6,45 2,69 1,88 2,54 3,55 
8 Pegasus, 0,8 mm, D/D 54,43 27,34 7,15 2,53 2,38 2,43 3,7 
 
CONCLUSIONS 
 
The micromill designed for assessment of the grinding resistance of the cereals, can be 
used in an industrial mill plant, because it has the advantage of obtaining the cumulative 
compression and shearing efforts like in the industrial process. 
The resistant moment can be obtained also for the middling grinding process, step 
which can lead to the economic optimization of the cereal processing. 
The best results for the first break, from the point of view of technological efficiency 
and the energy consumption were obtained for the sharp-to-sharp disposition and a roll gap 
related to the grinding length of the rollers. The results of the research recommend the S/S roll 
disposition as the most advantageous disposition for the the highest yield in middlings and the 
highest grinding degree in the size reduction on the first break. 
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The new designed micromill can be used for the assessment of the energy 
consumption for the first break, in the laboratory conditions, for the benefice of the students. 
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